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Abstract 


The  aim  of  the  investigation  was  to  study  the  usefulness  of  long 
cane  tapping  sounds  for  echolocation  by  blind  people.  Ten  long  canes* 
which  differed  in  the  spectra  of  their  tapping  sounds  were  selected  for 
the  experiment.  The  task  of  the  three  blind  subjects  wiien  walking  was 
first  to  detect  an  object  and  then  to  localize  it  more  precisely.  The 
distances  between  observer  and  object  were  measured  at  the  moment  the  sub¬ 
ject  indicated  detection  and  localization,  respectively.  The  following 
results  were  obtained.  (1)  Objects  could  be  detected  and  localized  with 
the  aid  of  long  cane  tapping  sounds  alone,  but  the  task  was  difficult. 

(2)  The  results  varied  with  the  size  of  the  object.  (3)  Differences  in 
the  spectra  of  tapping  sounds  bad  no  behavioral  effects,  and  therefore  no 
relation  between  behavior  and  sound  spectra  could  be  determined. 
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Introduction 

Sighted  man  detects  and  localizes  objects  in  the  environment 
mainly  by  vision  and  to  a  certain  extent  by  hearing,  touch  and  smell* 
When  vision  is  lacking,  however,  the  latter  perceptual  systems  have 
to  carry  the  whole  burden  of  obtaining  information  about  the  environ¬ 
ment.  For  the  blind  person  the  task  of  perceiving  the  existence  and 
location  of  objects  at  a  distance  is  taken  over  especially  by  the 
hearing  system.  Auditory  information  is  available  not  only  about 
sound  sources  but  also  about  surrounding  objects  reflecting  sound. 

As  shown  by  the  classical  studies  by  Dallenbach  and  his  associates 
(Supa,  Cotzin  &  Dallenbach,  1944;  Worchel  &  Dallenbach,  1950;  Cotzin 
&  Dallenbach,  1950;  Ammons,  Worchel  &  Dallenbach,  1953)  reflected 
sound  is  the  main  source  of  information  used  by  the  blind  for  the 
detection  and  localization  of  objects. 

It  is  somewhat  surprising  that  man  has  the  ability  of  such  a  use 
of  sound,  i.e.  echolocation,  as  sighted  man  has  no  known  important 
use  of  it  (Griffin,  1977).  In  contrast  to  several  animal  species, 
especially  bats  and  dolphins,  man  has  not  adapted  his  vocalizing  or 
auditory  organs  for  this  special  function  (cf.  e.g.  Ayrapetyants  & 
Konstatinov,  1970),  One  effect  of  this  is  that  man  can  not  reach  the 
high  efficiency  for  echolocation  that  is  possible  for  bats. 

However,  within  the  range  of  human  capacity,  the  blind  person 
often  learns  to  use  many  different  kinds  of  sounds  for  echolocation. 
Many  of  these  are  self-produced  sounds,  such  as  vocal  sounds  and 
sounds  created  by  hand  clapping,  foot  scraping  and  long  cane  tapping. 
The  present  study  is  concerned  with  the  tapping  sounds  produced  by 


long  canes. 


.1 


;  prf 


/, 


3 


Available  and  useful  stimulation  for  echolocatlon 

The  physical  basis  for  echolocatlon  is  that  a  sound,  produced  by 
the  obser!/er  or  some  environmental  sound  source,  is  reflected  by  sur- 
faces  in  the  surroundings.  At  the  observer's  ears  both  the  original 
sound  and  its  reflections  are  available.  The  information  about  the 
existence  of  a  sound  reflecting  object  and  about  its  distance  and 
direction  to  the  observer's  position  may  be  available  in  the  reflection 
alone  or,  jointly,  in  the  original  sound  and  its  reflection. 

In  a  dynamic  situation  where  distance  is  changing  the  Doppler 
pitch  effect  is  also  available.  Cotz-in  &  Dallenbach  (1950)  proposed 
this  as  the  explanation  of  the  perception  of  obstacles  by  the  blind. 
There  are  also  differences  in  intensity  depending  on  distance,  this 
variable  being  a  better  candidate  for  providing  the  useful  information 
according  to  Twersky  (1951),  who  based  his  argument  partly  on  the  fact 
that  echolocation  is  possible  also  in  static  situations.  These  two 
early  explanations  of  human  echolocation  did  not  distinguish  between 
a  situation  when  the  human  auditory  system  fuses  the  original  sound 
and  its  reflection  into  one  perceived  sound  and  a  situation  when  it 
separates  them  from  each  other. 

The  information  available  in  the  reflection  alone,  i.e.  the  echo, 
is  of  the  same  kind  as  the  information  available  in  the  sound  from  a 
sound  source  located  at  a  distance  from  the  observer.  There  are  physi¬ 
cal  properties  informing  about  direction,  such  as  differences  in  inter- 
aural  level  and  phase,  but  also  information  about  distance,  at  least 
relative  distance,  A  review  of  the  factors  that  determine  auditory 
localization  is  given  by  Mills  (1972). 
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Infortnation  about  distance  is  available  in  the  joining  of  the 
original  sound  and  its  echo.  The  time  difference  between  corresponding 
parts  of  the  original  sound  and  its  echo  changes  with  the  distances 
between  source »  reflecting  surface  and  observer.  When  the  time  inter¬ 
vals  are  below  a  certain  threshold  (at  distances  between  object  and 
obseir/er,  under  the  present  conditions,  shorter  than  about  2-3  m)  the 
two  sounds  are  not  perceived  separately,  but  merge  into  one  auditory 
phenomenon.  The  mechanism  underlying  this  has  been  analysed  in  different 
ways,  as  time  separation  pitch  (Thurlow  &  Small,  1955;  Small  &  McClellan, 
1963),  repetition  pitch  (Bilsen,  1963;  Bilsen  &  Ritsma,  1970)  and  ripple 
noise  pitch  (Yost,  Hill  &  Perez-Falcon ,  1978).  Bassett  and  Eastmond 
(1964)  made  an  important  study  where  they  showed  that  the  pitch  which 
is  perceived  by  the  blind  at  short  distances,  is  a  function  of  the 
distance  between  the  person  and  the  reflecting  object. 

When  the  time  intervals  are  long  enough  (at  distances  between  object 
and  observer  longer  than  about  2-3  m)  two  distinct  sounds  are  perceived, 
the  sound  source  and  the  reflected  sound.  The  latter  has  been  called  an 
acoustic  image  (Wilson,  1967), 

The  intention  of  this  short  survey  of  the  available  and  useful 
information  for  echolocation  was  not  to  go  into  the  subtleties  of  the 
ongoing  theoretical  discussion,  but  to  indicate  the  richness  of  the 
available  infoxmation  and  that  some  of  this  information  may  be  useful 
for  human  beings. 

One  interesting  question  in  the  present  context,  i.e.  the  usefulness 
of  long  cane  tapping  sounds,  is  the  possible  importance  of  the  spectral 
content  of  the  auditory  stimulation,  which  apparently  differs  between 


- 


I 


wit  \<o  liniiiiot  3i^odA 

>•  '  -  .  e 

*■  A'V  •  *  ■'  '  ^ 

jiiiJ b^oqaf^n 03  a3nf»"t-»% iib  ar?ri3  i'n'I'  c.l3*~  ffit  b<T6  bfts><'f?i  iRci^j*JO 

-ti  ^  t-  '  .  ^  (1, 

j*93nG3fii&^  Btii  jfJXfi  ori^s  ba^  b/jiU‘  -a  a3i<m 

-isaoA  d«i3  3ii3  w-iirfV  .i^viagdo  briG  2*1  ,»3t'.ioe  naaw^ad 

bn&  iZtQid^  na»%f?'if  6»5.'ie3sXl>  36)  nfj»3'»^fc;»  i  wo  fad 

jAs  <«r  t^S  luodi*  n*jf3  ■SdJ^oiia  ^enoiiibnoti  3oV{»^Kq  eaJ  fabi»u 
Y?oltLi/fc  000  oJai  ag^a®  3i«J  ,Yls*3a3fiqdG  !>ax«ia33<*q  ?f<a  «3ft  abrtMOflJ  oV3 


Joaisiitt)  flj  baavlAiia  naa<f  «Ji«f  Eid3  gniviiabAu  *4.  ad? 

<i~. 

■% 

*  fltiab  ,  Hwn£  ^  woliyilT)  do3Vq  fwj16ir.q«5.  -u.X3 

4f 

9  qqlr  bnc  CO^«X  ,«jo43iJI  e  nseUS  iCd^t  ^naiXJta)  rf^liq  ooiJiifeqQi  ,('Cd^l 
rromiA^^H  ^no^fat-sais*?  A  fiiK  r>:*3£q  9s>iao 

rto^irtw  d34lq  »d3  3Gd3  bawoda  %(tt{3  ‘^bt/sis  3na3io<iiaj  as  tf-Gci 

adj  io  ociianui  »  ii  ,e»jnG3*jlu  i'lcAu.  da  boJt rd  ar J  ’Saviaoiaq  al 

.^aa^do  gfiiiasiiai  odJ  bo*^  oo* '^oq  -tfc'l  jS^aw^rd 
Joat^o  Eaonaaaib  3i.)  dgaoa^  i^noJ  »vi»  Etsv^aiiu  srai'J  ad3  rtbd*^ 

, bav'jfj^aiaq  aI>*jifOJi  Jani^sib  owj  t/i  C— *  'luodA  aarfs  ^ajjaol  :avj^do  bsa 
rt**  i>«rXB3  a?5ad  ted  jaJSiftf  arfT  .l-ooOf.  b»3asXiin  »d3  hr.*  aoSAJoa  aw<3 


,(*^^1  ,<toGirW)  agwai 

'  '  -'t 

Iti)»8ii  bm  9id»iia'*’ft  adi  y^v'tob  Tiodt  aiifl  lo  n<  ijoaiai  ^^dT 
?o  aai-ia  t3<fa^  tfAd  O3oi  og  c*j  ton  juw  croiJiiaolorlba  tol 

a* 

adt  1©  ««anxlwit  »di  atar.^bni  ot  <oua»aa3a.«wb  itoiadfoadt  sp.ogao 

lii 

tjtaeii  ad  y^o  no.i0m:o\4ii  tto  lo  a-lb*  JtdiJ  b.%/!  ,i  AM^arrowi  '=-i4»Ti«wa 

.€gi«iad  .10^ 

♦ 

aafinla^aty  adt  *a,i  xsinoo  tn^Ebiq  odi  or  li  4frt) 

J  I  ' 

iaT33i»qE  !*rft  \o  9CKif..i*K<i^k  «#Jdiot<V^  *jf,'  «j  gftoX  io 

•  I  • 

fidawt^  Y^SdsitAqqij  <1-jJ*  w  iofip Jta  adt  1*^  t(io3ao.3 


5 


canes.  According  to  some  investigators  studying  situations  when  the 
time  interval  between  the  original  sound  and  its  repetition  is  small, 
the  spectral  content  is  important.  It  should  be  within  200  ~  2000  Hz 
according  to  Bassett  and  Eastmond  (1964)  and  above  1000  Hz  as  suggested 
by  Fourcin  (1965).  On  the  other  hand,  Wilson  (1967)  argues  that  the 
spectral  content  is  unimportant. 

Problems 

In  a  natural  situation  the  long  cane  tapping  sounds  are  available 
together  with  many  other  sounds.  It  is  not  obvious  that  they  are  useful 
in  themselves.  The  first  problem  to  be  studied  is  therefore  whether 
objects  can  be  detected  and  localized  solely  with  the  aid  of  long  cane 
tapping  sounds. 

The  intensity  of  the  reflected  sound  depends  on  the  size  of  the 
reflecting  object.  A  second  problem  is  therefore  the  effect  of  the 
size  of  the  objects  to  be  detected  and  localized. 

The  efficiency  of  the  sounds  may  vary  with  their  properties. 

There  are  great  differences  between  the  sounds  produced  by  different 
long  canes,  e.g.  in  their  spectral  content,  A  third  problem  chosen 
here  is  to  examine  if  walking  with  long  canes  differing  in  tapping 
sounds  mean  any  difference  in  the  detection  and  localization  of  objects. 

Finally,  a  fourth  problem  of  the  long  cane  sounds  concerns  the 
relation  between  the  behavioral  data  and  the  physical  properties  of 
the  sounds.  Given  differences  between  long  canes  in  their  efficiency 
in  aiding  the  blind  to  detect  and  localize  objects,  how  are  these 
differences  related  to  the  spectral  content  of  their  tapping  sounds? 
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Method 

Choice  of  long  canes 

The  tapping  sound  depends  on  several  properties  of  the  long  cane, 
such  as  its  elasticity,  number  of  parts,  kind  of  joints,  and  kind  of 
tip.  It  is  a  short  sound.  According  to  measurements  described  in  the 
Appendix  most  cane  tapping  sounds  of  the  kind  studied  here  had  the 
main  part  of  their  energy  in  a  time  interval  lasting  from  5  to  10  msec. 
For  the  experiment  a  representative  sample  of  canes  was  wanted,  and 
therefore  the  sounds  from  a  great  number  of  long  canes  were  analysed. 

Measurement  of  sound  spectra.  A  chamber  made  of  sound-absorbing 
material the  Swedish  Gullfiber,  was  constructed  inside  an  ordinary 
large  room.  Gullfiber  is  a  mineral-wool  consisting  of  long  glassfibres 
merged  together,  made  by  the  TEL-wool-process  patented  by  Saint-Gobain 
in  France,  It  has  acoustic  properties  very  similar  to  the  stone-wool 
Rockwool-material,  but  generally  less  Gullfiber  is  needed  to  produce 
the  same  sound-absorbing  effect  as  a  certain  amount  of  Rockwool.  In  our 
tests  it  had  a  thickness  of  50  mm.  The  walls  and  floor  of  the  chamber 
were  covered  with  this  material,  as  were  the  upper  corners  of  the  roof. 
The  base  of  the  chamber  were  3,3  x  3.3  m  and  its  height  was  2.07  m. 

The  ceiling  of  the  ordinary  room,  in  which  this  chamber  was  situated, 
was  clad  with  regular  sound- absorbing  plates.  A  person  performed  the 
tappings  with  the  canes  standing  on  a, fixed  place  halfway  from  each 
sidewall  of  the  chamber  and  .5  m  from  the  back  wall  of  it.  There  was 
a  free  area,  .30  x  .56  m,  1.5  m  in  front  of  him,  on  which  he  tapped 
the  cane.  Behind  this  tapping  area,  as  seen  from  the  person  doing  the 
tapping,  a  1/2  inch  condensor  microphone  (Bruel  and  Kjaer,  type  4134) 
was  positioned.  It  was  placed  .6  m  above  ground  and  .3  m  away  from  the 
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tip  of  the  cane.  Gullfiber  plates  were  also  laid  out  in  front  of  the 
support  for  the  microphone  (see  Figure  1). 


Insert  Figure  1  about  here 

The  signals  from  the  microphone  were  preamplified  (Bruel  and 
Kjaer  Cathode  amplifier,  type  2615)  and  then  fed  to  Bruel  and  Kjaer 
Digital  Frequency  Analyzer,  type  2131.  The  result  of  the  frequency 
analysis  was  finally  fed  to  an  xy-writer,  Houston  Omnigraphic  2000 
recorder. 

The  averaging  title  for  integration  of  signals  was  1/32  sec,  as 
a  record  of  the  fast  transients  of  the  signals  was  wanted  (see  also 
Appendix).  Filter  bandwidth  was  1/3  octave  and  frequency  range  recorded 
was  25  “  20000  Hz.  The  octave  bands  below  250  Hz  were  not  utilized  in 
subsequental  analyses,  primarily  because  of  the  internal  low  noise 
in  the  room;  but  also  because  of  the  low  sensitivity  of  the  human 
ear  to  low  frequencies  at  small  amplitudes.  The  frequency  analysis 
was  perfomed  on  nonweighted  dB  levels. 

The  floor  was  made  of  heavy  concrete  covered  by  linoleum  glued 
to  it,  which  was  the  same  kind  of  floor  as  in  the  room  where  the  sub¬ 
sequent  behavioral  measurements  were  made. 

The  person  performing  the  tappings  stood  on  the  assigned  place 
in  the  chamber  and  let  the  cane  fall  twice  onto  the  tapping  area.  The 
cane  was  held  lightly  in  the  hand,  between  the  thumb  and  index  finger. 
The  handling  of  the  cane  may  be  said  to  have  been  fairly  undamped. 

After  it  had  touched  the  material  twice,  it  was  forced  not  to  tap  again. 
The  frequency  analyser  was  put  in  a  max  hold  mode.  This  mode  holds  the 
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maximum  levels  in  each  1/3  octave  making  it  possible  to  record  them 
on  the  XY~writer.  The  angle  between  ground  and  cane  when  touching 
ground  was  approximately  45'^. 

It  is  important  to  note  that  the  setup  for  the  measurement  of  the 
sound-spectra  of  the  canes  in  the  sound-absorbing  chamber  was  not  meant 
to  give  absolute  values  on  the  measured  acoustic  dimensions.  To  obtain 
such  data  an  anechoic  room  should  have  been  used.  The  aim  was  to  obtain 
reliable  values  that  could  be  used  in  comparisons  of  the  sound-signals 
of  the  canes  and,  in  the.  establishment  of  the  relationships  •  between 
the  physical  and  the  behavioral  tests.  For  these  purposes  relative 
values  of  the  sound-spectra  can  be  considered  sufficient.  However, 
the  linearity  between  the  spectral  analysis  performed  with  different 
integration  times  (see  Appendix)  indicate  that  if  the  measurements  had 
been  made  in  an  anechoic  room,  the  results  would  probably  had  differed 
very  slightly  from  the  results  obtained  in  the  sound-absorbing  room. 

The  same  person  performed  all  the  tests  of  the  physical  characte¬ 
ristics  of  the  canes,  as  the  reliability  over  persons  and  over  time  had 
been  shown  to  be  very  high  (see  Appendix,  where  also  studies  of  the 
effect  of  different  handgrips  and  incident  angles  are  described). 

Methods  of  choice.  The  original  sample  of  long  canes  consisted  of 
32  canes  from  Sweden,  Denmark,  Great  Britain,  West  Germany  and  the  U.S.A. 
These  canes  were  acoustically  analysed  as  described  above,  and  a  smaller 
sample  of  10  canes  was  chosen  on  the  basis  of  two  main  ways  of  comparing 
the  spectral  data.  The  first  method  was  the  forming  of  hierarchical 
cluster  schemes  by  the  minimum  method  (Johnson,  1967),  20  of  the  1/3 
octave  frequency  bands  comprising  the  variables.  The  second  method  of 
analysis  was  based  on  a  plotting  of  the  deviations  for  each  cane  from 
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the  average  Sound  Pressure  Level  (SPL)  of  all  canes  over  each  frequency 
band.  The  first  method  put  similar  groups  of  canes  into  hierarchical 
clusters,  and  the  second  method  made  it  possible  to  examine  the  spectra 
in  more  detail.  The  latter  method  was  also  expected  to  -reduce  the 
effects  of  possible  resonance  qualities  of  the  room  wherein  the  sound- 
absorbing  chamber  x^as  situated. 

The  final  selection  of  canes  was  based  on  a  combination  of  the 
two  methods  with  the  purpose  of  making  the  10  canes  chosen  as  different 
as  possible  on  the  basis  of  both  the  hierarchical  clusters  and  the 
frequency  bands.  As  the  original  sample  probably  comprised  a  majority 
of  the  mostly  used  long  canes  in  the  world,  the  final  sample  may  be 
considered  as  reasonabi5^  representative  of  all  the  presently  used 
canes,  at  least  from  the  point  of  view  of  their  frequency  spectra.  The 
mean  SPL  values  of  all  the  32  canes  in  each  1/3  octave  band  is  given 
in  Table  1«  The  10  canes  chosen  for  the  experiment  are  described  in 
Table  2  and  their  deviations  from  each  mean  SPL  are  depicted  in  Figure  2, 


Insert  Tables  1  and  2  and  Figure  2  about  here 


Exper  men t  a 1  ar  r angemen  t 

The  experimental  arrangement  was  similar  to  that  used  by  Jansson 
(1975)  and  Jansson  and  Schenkman  (1977),  The  experiraient  was  conducted 
in  a  large  room  (24  x  15  ro.) .  In  the  middle  of  this  room  a  .5m  wide 
carpet  was  laid  from  one  wall  to  the  other,  in  order  to  guide  the 
pedestrian  in  his  walking.  Along  the  carpet  were  four  racks,  each 
consisting  of  2»3  m  high,  thin  vertical  bars  placed  at  3.4  m  apart 
from  .each  other  at  each  side  of  the  carpet  and  mounting  a  horixontal  bar. 
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These  racks  were,  placed  at  7,  11,  15  and  19  m  from  the  starting  point. 

From  the  vertical  bar  of  one  of  these  racks  an  obstacle  in  the 
form  of  a  1  mm  thick  white  cardboard  was  hanging  in  thin  nylon  strings 
(see  Figure  3),  The  midpoint  of  the  obstacle  was  positioned  vertically 

above  the  middle  of  the  carpet  1,44  m  from  the  floor.  Four  sizes  of 

2  . 

obstacles  were  usedj  1,50,  .75,  ,38,  and  ,19  m'  ,  width  and  height  being 
1.46  X  1.03,  ,73  X  1.03,  .515  x:  ,73,  and  ,365  x  , 51  ra  respectively. 
Procedure 

There  were  two  identical  experimental  sesssiona,  each  containing 
50  experimental  trials.  Before  these  trials  there  were  five  training 
trials  (or -a  few  more  if  the  subject  was  uncertain  concerning  his/her 
task)  performed  with  the  subject '^s  cane.  The  10  experimental  canes 

were  then  used  in  a  random  order  which  was  different  for  each  subject. 

For  each  cane  a.  block  of  five  trials  was  perf orurj-ed,  one  trial  for  each 
obstacle  size  and  one  blank  trial  without  any  obstacle,  all  trials 
within  the  block  in  a  random  order  different  for  each  block.  In  the 
blank  trials  the  time  taken  for  the  subject  to  walk  the  full  distance 
of  the  path  along  the  carpet  was  recorded  to  get  a  measure  of  his  or 
her  walking  speed.  The  mean  walking  speeds  for  the  three  subjects  were  .4, 
.5  and  .8  m/s,  respectively. 

The  subject  was  not  told  which  cane  he  or  she  was  given,  or  if  tbe 
trial  was  blank  or  not.  In  the  trials  with  an  obstacle  he/she  did  not 
know  its  position  as  the  four  racks  were  used  in.  a  random  order.  Nor 
did  he/ she  know  that  there  were  four  racks. 

In  order  to  avoid  any  visual  information  all  the  subjects  wore  a 
blind-fold.  In  order  to  mask  any  unintended  sound  information,  related  to 


r 

f 


3 


9 


•k. 


•2 


?-  ^  ^ 


t  ;  •  ^ 


.1  (. 


tU  \ 


11 


the  position  of  an  obstacle  music  was  played  from  a  tape-recorder 
during  all  intermissions  for  the  mounting  of  the  obstacles*  Mo  mounting 
was  begun  before  the  subject  had  returned  to  the  starting  place.  The 
subject  was  told  to  try  to  detect  and  localize  obstacles  along  the 
path  with  the  sole  aid  of  the  sounds  from  the  cane  when  tapped.  He/ she 
walked  in  his/her  socks  along  the  guiding  carpet  tapping  outside  it 
on  the  linoleum  floor  with  the  cane,  (see  Figure  3).  As  soon  as  the 
subject  detected  an  obstacle  he/ she  should  indicate  this  by  letting 
a  specially  prepared  paper-ball  fall  silently  onto  the  floor.  This  is 
called  the  detection  phase.  For  closer  localization  he/sb.e  should 
then  approach  the  obstacle  as  close  as  possible  without  colliding 
with  it.  I'^hen  he/ she  had  moved  as  close  as  he/ she  could j  he/ she 
should  point  with  a  finger  to  his/her  nose  and  stay  until  the  distance 
between  his/her  nose  and  the  obstacle  was  measured.  This-  constitutes 
the  localisation  phase. 

Each  experimental  session  lasted  two  to  three  hours  with  a  break 
after  half  the  session.  The  second  session  was  arranged  in  the  same 
way  as  the  first  one^  except  that  new  randomizations  of  canes,  obstacle 
sizes,  and  obstacle  positions  were  used. 


Insert  Figure  3  about  here 

The  dependent  varables.  The  two  variables  measured  were  the  distances 
for  detecting  and  localizing  the  objects.  These  were  essentially  the 
same  as  those  used;  by  Dallenbach  and  his  associates  (cf,  above),  even 
if  their  terms  were  different  ("first  perception"  and  "final  appraisal", 
respectively) . 
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The  detection  distance  indicates  the  usefulness  of  the  tapping 
sound  for  detecting  the  existence  of  an  object  in  the  direction  of 
walking,  a  longer  distance  meaning  greater  usefulness.  A  collision 
with  the  object  was  set  equal  to  zero. 

The  second  variable  was  intended  to  have  another  character,  viz. 
to  be  a  kind  of  precision  measure,  A  special  problem  concerns  the 
treatment  of  the  collisions  in  the  case  of  localization  distances.  In 
the  non-collision  cases  a  smaller  value  indicates  a  higher  precision. 
If  a  collision  were  given  a  value  of  zero,  this  would  then  falsely 
indicate  that  the  subject  was  very  precise  in  localizing  the  object. 

In  order  to  make  all  the  values  of  the  second  variable  meaningful, 
the  localization  distances  (in  meters)  were  inverted,  except  for  the 
collisions  which  were  set  equal  to  zero.  This  variable  was  called 
inverted  localization  distance.  A  high  value  now  indicates  that  the 
observer  got  close  to  the  object  without  colliding  with  it,  and  a 
low  value  indicates  a  low  precision,  caused  either  by  the  observer 
stopping  far  from  the  object  or  by  colliding  with  it. 

Subjects 

Three  blind  persons  acted  as  subjects.  Subject  No.  1  was  a  woman, 
46  years  old,  with  Retinitis  Pigmentosa  from  birth.  Subject  No.  2  was 
a  24  year  old  wotoan  who  had  been  blind  for  6  years  because  of  Diabetes. 
Subject  No.  3  was  a  man,  32  years  old,  who  had  been  blind  since  the 
age  of  13  because  of  tumor  growths  on  both  retinas.  Subject  No,  1 
has  some  minor  light  awareness,  while  the  other  two  were  totally  blind. 
All  three  subjects  used  the  long  cane  as  their  main  mobility  aid  and 
they  were  judged  by  mobility  instructors  to  be  good  cane  travellers. 
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Audiometric  tests  demonstrated  that  the  subjects  had  normal  hearing 
with  thresholds  less  than  20  dB  from  the  standard  threshold  for  the 
frequency  range  125  ~  8000  Ez. 

Two  more  subjects  took  part  in  the  first  of  the  two  sessions 
but  were  excluded  from  the  continuation.  One  of  these  subjects  did 
not  follow  the  instruction  not  to  use  self-produced  sound  except  the 
one  from  the  cane.  This  had  the  effect  that  she  always  detected  the 
obstacles.  The  other  subject  did  not  seem  to  be  able  to  use  the  long 
cane  tapping  sounds  in  a  meaningful  way.  She  seemed  to  respond  more 
or  less  by  chance,  and  her  whole  performance  showed  many  signs  of 
insecurity.  The  significance  of  these  exclusions  is  further  discussed 
below. 

Results  and  Discussion 

The  usefulness  of  long  cane  tapping  sounds  alone. 

The  results  (see  Table  3)  demonstrate  that  long  cane  tapping 
sounds  can  be  used  for  detection  and  localization  of  objects,  but  there 
are  several  Indications  that  these  tasks  are  difficult  on  the  basis 
of  the  tapping  sounds  alone.  Already  the  fact  that  the  experiment  was 
discontinued  with  two  of  the  originally  five  subjects  indicates  this. 

The  behavior  of  both  these  subjects  may  be  interpreted  as  reactions 
to  the  difficulty  of  the  task,  one  reacting  with  insecurity  and  the 
other  with  the  adding  of  another  kind  of  auditory  information. 

The  difficulty  of  the  task  is  also  indicated  by  the  experimental 
data.  Of  totally  240  experimental  trials,  thus  including  all  canes, 
obstacle  sizes  and  subjects,  there  were.  18%  that  resulted  in  a  collision 
with  the  obstacle  before  any  detection  was  made.  A  further  27%  of  the 
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trials  ended  in  a  collision  with  the  obstacle  during  the  localization 
phase,  thus  after  a  report  of  detection.  There  was  thus  a  collision 
with  the  obstacle  in  45%  of  the  cases  (see  Table  4),  It  should  also* 
be  observed  that  false  reports  of  objects  appeared  during  40%  of  the 
totally  60  blank  trials,  (Some  of  the  standard  deviations  for  the  in-“ 
verted  localization  distances  in  Tables  3  and  4  are  exceptionally 
large.  This  is  however  an  effect  of  the  operation  of  inversion). 


Insert  Tables  3  and  4  about  here 

The  effect  of  obstacle,  size 

As  shown  in  Table  4  the  size  of  the  obstacle  had  an  effect  on 
its  detection  and  localization.  The  effect  of  obstacle  size  was 
confirmed,  by  analysis  of  variance  for  the  detection  distances, 

_£<.05,  and  was  not  far  from  being  significant  for  the  inverted  loca- 
lization  distances,  £<,10  (see  Table  5).  The  most  interesting  aspect 
of  this  relation  between  obstacle  size  and  the  two  dependent  variables 
is  that  it  strengthens  the  interpretation  of  the  results  as  indicating 
that  long  cane  tapping  sounds  can  be  used  for  detection  and  localization, 
even  if  it  is  a  difficult  task. 


Insert  Table  5  about  here 

.  ■  I  II HI  tin  11^11  ira  II  inwiifc**—  ii—»wi.ii  ■ 

Collisions  change  to  a  large  extent  according  to  what  could  be 
expected  from  physical  considerations,  i.e.  decreasing  with  increasing 
obstacle  size  with  the  exception  of  the  largest  object.  This  object 
also  deviates  from  the  general  tendency  concerning  the  detection  dis¬ 
tances  (but  not  concerning  the  inverted  localization  distances).  The 
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deviating  results  for  the  largest  object ,  which  is  found  for  each 
subject  (Figure  4),  were  not  further  analyzed,  but  they  raay  be  related 
to  some  special  acoustical  conditions  of  the  experimental  room* 


Insert  Figure  4  about  here 


Differences  between  the  canes 

Analysis  of  variance,  fixed  model,  for  both  detection  and  inverted 
localization  distances  did  not  show  any  significant  differences  betv^^’een 
the  canes  (Table  5),  The  large  variation  between  the  canes  in  the  number 
of  collisions  (6  -  16  collisions,  i.e„  25  -  67%)  should  be  observed, 
however. 

The  relation  between  behavior  and  spectral  content 

The  canes  did  not  differ  between  themselves  for  any  of  the  stopping 
distances.  It  was  therefore  not  meaningful  to  perforra  a  correlational 
analysis  between  the  performance  of  the  participants  and  the  spectral 
content  of  the  tapping  sounds.  The  most  likely  interpretation.,  however, 
of  the  result  that  canes  widely  differing  in  spectral  content  did  not 
differ  in  their  usefulness  for  echolocation  is  that  these  variations 
are  of  slight  importance  for  the  detection  and  localization  of  objects. 
This  is  in  line  V7ith  Wilson’s  (1967)  proposal  that  no  particular  region 
of  the  spectrum  is  necessary  for  echolocation  at  shorter  distances  and 
with  a  similar  conclusion  reached  by  Sm.all  and  McClellan  (1963)  in 
connection  with  time  separation  pitch. 

This  deemphasis  of  the  spectral  content  is  in  agreement  with  a 
study  of  the  long  cane  made  by  Malraven  (1982),  who,  from  partly  diffe¬ 
rent  aspects,  considered  the  absolute  values  of  the  frequency  specttva 
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as  less  important  than  the  variation  in  the  spectra,  occurring  when  the 
cane  is  tapped  on  different  materials  (cf.  also  Ungar,  1978)* 

It  should  also  be  reiaembered  that  the  spectral  analysis  was  done 
on,  sounds  produced  in  a  semi-anechoic  room,  while  the  behavioral  studies 
were  done  in  a.  much  larger  room  without  any  special  sound-absorbing 
arrangements*  This  probably  caused  many  reflections,  that  may  have  masked 
important  acoustic  differences  between,  the  canes* 

Differences  between  the  subjects 

For  both  the  detection  distances  and  the  inverted  localiEation  dis¬ 
tances  the  differences  between  the  blind  subjects  were  the  strongest  of 
the  significant  effects,  F(2,  120)  ®  15*97  and  F(2,  120)  3*90j  respec¬ 

tively  (see  Table  5) ,  This  means  that  the  observers  stopped  at  various 
distances  from  the  objects  and  is  a  further  indication  that  blind  persons 
are  differently  proficient  at  using  echolocation, 

Conclusionfi 

The  use  of  echoes  of  long  cane  tapping  sounds  for  the  detecion 
and  localization  of  objects  is  a  possible,  but  difficult  task*  The 
size  of  the  object  to  be  detected  is  important,  and  the  observers 
differ  widely  in  their  proficiency  of  using  echolocation*  The  different 
canes  and  the  spectral  contents  of-  their  tapping  sounds  does  not  seem 
to  be  essential.  A  further  experimental  analysis  of  the  soviod  factors 
that  determine  the  usefulness  of  sounds  for  echolocation,  would  best 
be  made  by  a  study  of  synthetic  sounds  ’sritb  a  syste,ma.tic  variatiQB  of 
different  stimulus  variables. 
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Appendix;  Some  methoiiol ogioal  control  •  experments'. 

The  same  experimental  setup  was  used  as  the  one  described  above 
for  the  spectral  analysis.  (An  exception  is  noted  below).  The  purpose 
of  these  tests  was  to  study  the  effect  of  some  methodological  variables 
on  the  properties  of  long  cane  sounds. 

Integration  time 

The  frequency  analyses  produced  by  different  integration  times, 

1/32 j  1/16,  1/8,  1,  2  and  4  sec  were  compared.  An  increased,  integra¬ 
ting  averaging  time  gave  lower  readings  on  all  f  requency  bands.  The 
relations  between  the  bands  were  very  similar  for  the  various  times, 
with  some  discrepancies  at  the  higher  bands.  The  diagrams  of  the  shorter 
times  were  more  or  less  identical  to  those  of  a  longer  time,  except 
that  the  amplitudes  of  the  shorter  times  had  been  added  by  a  constant 
for  each  frequency  band.  The  discrepancies  at  the  higher  bands  is  not 
likely  depending  on  the  room,  but  on  the  shorter  durations  of  these 
vibrations.  This  test  was  made  with  a  50  mm  thick  concrete  plate, 
covering  the  tapping  area. 

Sound  duration 

In  order  to  study  in  some  detail  the  temporal  structure  of  the 
sound,  oscilloscope  tracings  of  the  sounds  of  17  of  the  32  canes  were 
studied,  A  Bruel  and  Kjaer  Frequency  A.na.Iyzer,  type  2107,  was  used  as 
an  amplifier  for  the.  signal  from,  the  Tnicrophone,  This  signal  was  fed 
to  a,  Tektronix  oscilloscope,  type  .565,  and  its  screen  was  photographed 
with  an  oscilloscope-camera.  The  sounds  of  the  canes  that  were  tested 
decayed  within  5-10  msec  to  at  least  “ISdBof  the  highest  transient. 
These  ra.easuremeD.ts  made  on  linoleum  thus  confirm  that  it  is  reasonable 
to  use  a  short  Integra tian-time* 
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Incident  angle  between  cane  and  ground 

Varying  the  incident  angle  of  the  cane  to  the  ground  by  small 

shifts  (0”10  *  30  )  made  no  systeniatically  different  sound  spectra 

o  * 

as  compared  to  the  standard  of  45  .  However^  if  the  incident  angle 

was  put  at  90  ,  i,e.  the  cane  bounced  up  and  down  in  a  vertical 
fashion,  this  had  a  high  impact  on  the  frequencies.  These  effects 
may  be  explained  by  postulating  two  different  ways  of  producing 
the  sound  by  a  cane.  However,  as  a  blind  person  would  most  likely 
never  use  the  long  cane  as  a  vertical  rod,  this  mode  of  sound-” 
production  is  of  little  interest. 

Handgrip 

In  our  experiment  the  cane  'was  held  lightly  between  thumb  and 
index  finger*  In  the  ordinary  technique  of  manipulating  the  cane, 
the  blind  person  holds  it  tightly  in  the  hand,  with  the  index  finger, 
or  sometimes  the  thumb,  pointing  down  the  cane  (Hill  and  Ponder,  1976, 
p. 53) ,  This  technique  is  expected  to-  damp  the  vibrations  of  the  cane. 
When  testing  for  differences  between  the  undamped  tcichnique  used  by 
us  and  the  recommended  technique  for  the  blind  we  found  them  to  be 
very  similar  to  each  other  concerning  the  sound  spectra. 

Tappings  by  different  persons 

Tests  were  done  to  find  out  if  two  different  persons  pro-duced 
about  the  same  frequency  spectrum  when  the  canes  were  tapped.  Tests 
on  several  canes  shov/ed  only  small  differences  (<3dB)  between  persons, 
for  any  1/3  octave-band  on  the  Bruel  and  Kjaer  Digital  Frequency 
Analyzer,  type  2131. 

Reliability  of  the  spectral  analysis 

^i«i  uMaw  iMu  *1^'  ~li-T'iTliniw»rT*~W~~«r  — — — r|----T-  --r  T .■■m., — .  ..  — — 

The  reliability  of  the  tests  was  high,  as  frequency  analyses  of 
the  same  type  conducted  on  different  occasions  ware  nearly  identical. 
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Table  1 

Mean  SPL-values  of  all  the  32  canes  at  each  1/3  octave  band. 

(The  deviation  of  each  of  the  10  canes  used  in  the  experiment  from 
the  means  of  all  the  32  canes  is  depicted  in  Figure  2). 
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Table  5 

Analysis  of  variance,  fixed  model,  for  each  of  the  dependent  variables 


A.  Detection  distances 

Source  df  MS  F 


Obstacles  (0) 

3 

74.64 

5.67 

Subjects  (S) 

2 

210.24 

15.97 

Canes  (C) 

9 

11.52 

.87 

0  X  S 

6 

6.28 

.48 

0  X  C 

27 

10.50 

.80 

S  X  C 

18 

16.79 

1.28 

0  X  S  X  C 

54 

12.14 

.92 

Wi thin 

120 

13.17 

Inverted  localization 

Source 

distances 

df 

MS 

F 

0 

3 

148.40 

2.50 

S 

2 

201.40 

3.39 

C 

9 

59.28 

1.00 

0  X  S 

6 

115.20 

1.94 

0  X  C 

27 

57.07 

.96 

S  X  C  , 

18 

62.98 

1.06 

0  X  S  X  C 

54 

53.76 

.90 

Uithin 

120 

59.39 
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Figure  captions 

Figure  1.  The  microphone  arrangement  in  the  sound  absorbing  chamber. 

Distances  in  meters.  The  angle  between  the  microphone  and  the  vertical 

o 

part  of  the  stand  was  about  52  . 

Figure  2.  Deviations  in  SPL  for  the  10  selected  canes  from  the 
average  SPL  of  all  the  32  canes  at  different  1/3  octave  bands. 

Figure  3.  Experimental  arrangement,  showing  one  rack  with  an  object. 
After  Jansson  (1975). 

Figure  4.  Mean  detection  distances  for  each  subject  at  the  four  object. 
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